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This work assessed the spatio-temporal variation of land use in the catchment basins of Fiastra and Salino (central
Italy) and its effect on landscape naturalness over a 30-year period (1978—2008). The study area (centroid
coordinates 43°7'29.44" N; 13°20'34.56"'E) was divided into ecologically homogeneous units (land units) in
terms of substrate, bioclimatic belt, and aspect using a GIS-based hierarchical approach for landscape
classification and mapping. Land units were characterized from a phytosociological viewpoint, and their
naturalness evaluated using the Index of Landscape Conservation status. Comparison of current and past
vegetation naturalness of land units was used to prepare the map of changes in landscape naturalness in the
Fiastra and Salino catchment basins (central Italy) at a scale of 1:50,000. It was found that, while the change
of naturalness in the whole study area was around zero, the pattern of distribution of this change was
heterogeneous: naturalness increased in land units of high hilly and mountain belts, mostly because of the
spread of woods, to the detriment of shrublands, pre-wooded communities, and grasslands, while the opposite
trend was recorded in the alluvial plain and low hills, because of increasing urbanization and landscape
homogenization caused by the transformation of grasslands, shrublands, pre-wooded communities, and tree-
planted arable lands into arable lands. The hierarchical approach to landscape classification and mapping
provided information that could have not been detected by mere calculation of indices. This kind of analysis
offers a method for improved interpretation of landscape evolution, affording valuable input for predicting
transformation of land use, and thus for formulating sound environmental policies and planning optimum
ecosystem management strategies.

Keywords: landscape ecology; transformation; naturalness; phytosociology; geosynphytosociology; Index of
Landscape Conservation status; naturalization; anthropization

1. Introduction

Land use temporal change is one of the most important issues in landscape ecology. Describing and analysing
proportional change of different land cover types through time can prove highly valuable, not only for pre-
serving biological diversity, but also for developing general landscape models useful for ecosystem manage-
ment, environmental policies, and human welfare (Christensen et al., 1996; Franklin, 1993; Jobin, Latendresse,
Grenier, Maisonneuve, & Sebbane, 2010). It is thought that landscape changes are driven by complex socio-
economic interactions (Forman, 1995; Irwin & Geoghegan, 2001; Wear & Bolstad, 1998; Zonneveld, 1995),
but environmental factors (first of all, physical and bioclimatic ones) often influence land use as well (Blasi,
Smiraglia, & Carranza, 2003). Analysis of environmental features that affect landscape ecology and dynamics
can be performed by interpreting the factors that affect a territory in terms of different hierarchically deter-
mined spatio-temporal intervals (Allen & Starr, 1982; Catorci, Orsomando, & Silvi, 1995; King, 1977,
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O’Neill & King, 1998). Within this process, each element can be interpreted as part of a higher element or as
a structure containing systems of lower rank (Farina, 2001). Thus, the multidimensional complexity of ecologi-
cal systems can be broken down into many organizational levels, each containing only a small number of
interacting factors, in which mutual relationships and links between the highest and lowest organizational
levels can be modelled (Tainton, Morris, & Hardy, 1996), making possible the spatial definition of the eco-
system units through a hierarchical approach (Blasi, Carranza, Frondoni, & Rosati, 2000). In this context,
application of methods and concepts of serial and catenal phytosociology (Géhu et al., 1991; Ozenda,
1982; Rivas-Martinez, 2005b) is useful, since they are based on hierarchical definition and classification of
plant communities and landscapes. Phytosociology studies plant communities and their relation with the
environment, classifying them in a hierarchical system. Serial phytosociology (synphytosociology) studies
the space and time relations that tie together different plant communities (vegetation series or sigmeta),
while catenal phytosociology (geosynphytosociology) studies spatial sequences of contiguous vegetation
series, within a given bioclimatic belt (geoseries or geosigmeta), that alternate depending on edaphic and topo-
graphic gradients that affect them.

On the basis of this theoretical framework, the research aim was to assess the temporal variation of land use and
its effect on landscape naturalness over a 30-year period (1978—2008) in a rural landscape of central Italy, using a
GIS-based geosynphytosociological approach for landscape classification and mapping.

2. Materials and methods

The study area is located in central Italy (centroid coordinates 43°7'29.44” N; 13°20'34.56"E), at altitudes ranging
from 120 to 1530 m a.s.l., and extends over 25,280 hectares. The territory includes several lithotypes: calcareous,
marly calcareous, arenaceous, pelitic-arenaceous, clayey- and sandy-pelitic, and alluvial deposits (Regione
Marche, 1996—2003). It belongs to the Temperate bioclimatic region (Rivas-Martinez, 2008), which is locally
divided into three bioclimatic belts (Catorci, Cesaretti, Pancotto, & Vitanzi, 2007) sensu Rivas-Martinez (1981)
whose main features are shown in Table 1. The natural potential vegetation is characterized by deciduous woods
in which Quercus pubescens Willd., Ostrya carpinifolia Scop., Quercus cerris L., Carpinus betulus L. or Fagus syl-
vatica L. subsp. sylvatica play a dominant or a codominant role. The current land use gives rise to patchiness of
natural (woods), seminatural (grassland and shrub communities), agricultural (cultivated lands), and urban ecosys-
tems (Figures 1 and 2).

The landscape classification method proposed by Blasi et al. (2000) for describing and mapping Italian land-
scape at different scales was used for hierarchical interpretation of the study area. This approach was conceived as a
system in which pattern and function at each scale level depend on the constraints imposed by the higher levels.
From the higher to the lower-scale level, land regions, land systems, land facets, land units, and land elements have
to be identified. Land regions are determined by macroclimatic features, because macroclimate is the main factor
which influences landform processes as well as vegetation and soil distribution at smaller scales (Walter, 1984).
Within each land region, land systems are delimited according to significant lithological discontinuity. At a
lower scale, land facets are mainly delimited according to bioclimatic types. Finally, land units are characterized
by one phytosociologically determined vegetation series, in which one vegetation type represents the final stage,
namely the natural potential vegetation (Pignatti, 1995; Tomaselli, 1970) of the vegetation dynamics (Biondi,
Feoli, & Zuccarello, 2004; Géhu & Rivas-Martinez, 1981; Rivas-Martinez, 2005a). Distribution of land units
within each land facet in submediterranean landscapes is mainly determined by aspect (Vitanzi, Paura, &
Catorci, 2009). Each land unit is composed of a mosaic of patches resulting from current and historical anthropic
land use (land elements).

In order to conduct hierarchical assessment of the study area, the following thematic maps were drawn at the
scale of 1:50,000.

(1) Geologic map, in which the main lithotypes, identified using the Geologic Map of the Marches Region
(Regione Marche, 1996—-2003), were grouped into the following lithological complexes: limestones;
marls and calcareous marls; sandstones; pelitic sandstones; sandy-pelits and pelitic-clays; alluvial deposits
of ancient terraces; present and recent alluvial deposits.

(2) Phytoclimatic map, in which bioclimatic belts, identified using Rivas-Martinez’s bioclimatic indices
(2008), were mapped following the methodological approach of Blasi (1994) and Orsomando and
Catorci (2000).



Downloaded by [151.76.152.76] at 02:02 10 June 2014

Table 1.

aridity and cold stress calculation Mitrakos’ indices (1980, 1982) were applied.

Main climatic features of the three bioclimatic belts of the study area. Thermotype and Ombrotype classification follows Rivas-Martinez (2008); for number of months of

Average monthly Drought Length of growing
Average annual ~ Average annual ~ Average monthly temperature minimum stress Cold stress period
Altitudinal range temperature precipitation <10°C temperature < 0 °C (no. of (no. of (no. of days with
Bioclimatic belt (m a.s.l) (°C) (mm) (no. of months) (no. of months) Thermotype Ombrotype months) months) t min > 6 °C)
Lower 200/250-400/450 13-15 750850 4-5 0-1 Lower Lower subhumid 1 5-6 210-240
Mesotemperate Mesotemperate
Upper 400/450-950,/1000 11-13 850—-1100 5-6 1-2 Upper Lower humid 0 6-7 180-210
Mesotemperate Mesotemperate
Lower 950/1000—1400/1450 9-11 1100-1300 6-7 2-3 Lower Upper humid 0 7-8 150-180
Supratemperate Supratemperate

sdopy Jo jpuinop
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Figure 1.  View of part of the study area, showing patches of woods and pre-wooded communities in a landscape matrix mainly
composed of cultivated lands.

Figure 2. View of part of the study area, showing a mosaic of natural (small woods), seminatural (mainly shrublands), agri-
cultural (cultivated lands), and urban (towns placed mainly on hill tops) ecosystems.

(3) Aspect map, derived using a digital elevation model (DEM). Aspect values were categorized into two
intervals: west-north-west to east-south-east (0°—112°; 294°—-360°); south-east to west (113°-293°).
Flat areas were also reported.

The map of land units (on a scale of 1:50,000) was drawn by overlapping these three thematic maps. The main
land cover types of each land unit (woodland, pre-wooded community, shrubland, grassland, tree-planted arable
land, arable land, badland, and urban area) were mapped by the interpretation of orthophotos (years 1978 and
2008). Woodlands are wood communities with a dominance of deciduous trees; pre-wooded communities are phy-
siognomically characterized by the contemporary presence of tall shrubs, low shrubs, and low light-demanding
trees; shrublands are composed of more or less thick shrubs; grasslands are mainly Bromus erectus or
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Figure 3. The agricultural landscape of the study area in the first half of the twentieth century. In the background, tree-planted
arable lands, with rows of trees used as a support for vines.

Brachypodium rupestre-dominated communities; tree-planted arable lands are mostly arable lands with rows of
trees (Acer campestre), used as a support for vines (Figure 3); arable lands are fields cultivated with cereals,
maize, sunflower, and sugar beet, sometimes with hedges and sparse trees. Moreover, field surveys were carried
out in the years 2008—2009 to characterize these physiognomic types from a phytosociological viewpoint,
using the Braun-Blanquet method and subsequent updates (Biondi et al., 2004; Braun-Blanquet, 1964; Géhu &
Rivas-Martinez, 1981). Field surveys were also conducted to define the natural potential vegetation, and to
check the boundaries of each land unit.

Data processing involved the initial formulation of a transition matrix (Blasi et al., 2003) of the main land cover
types (1978—2008). To assess the naturalness of each land unit (i.e., distance of the actual vegetation from the
potential one) and of the whole study area, the Index of Landscape Conservation status (ILC) was calculated (Piz-
zolotto & Brandmayr, 1996) according to the following formula:

ILC=1— (3 x — 100)/100(n—1),

where n is the number of naturalness classes, and x; is the cumulative percent value of the i-th naturalness category.
ILC values range from 0 (maximum anthropization) to 1 (maximum naturalness), and are determined by the cumu-
lative percent frequency of 10 previously selected naturalness classes (urban area, arable land, tree-planted arable
land, reforestation, badland, grassland, shrubland, pre-wooded community, coppiced woods, mature woods),
arranged in ascending order of naturalness (1 for urban areas, and 10 for mature woods). These calculations
served for drawing the maps of land unit naturalness (scale 1:50,000), referred to 1978 and to 2008, in which nat-
uralness of land units was categorized in five 0.2 point-wide classes.

The difference of ILC values between 2008 and 1978 (AILC) for each land unit was calculated as well. Positive
scores (0 < AILC < 1) indicate increasing naturalness over time; negative scores (—1 < AILC < 0) point out the
loss of naturalness and the occurrence of anthropization processes. Shifts in ILC were represented in the map of
changes in landscape naturalness in the Fiastra and Salino catchment basins (central Italy). AILC values were cate-
gorized in five classes. Scales of red or green tones were used for land units with decreasing or increasing natural-
ness, respectively.

3. Results

Landscape hierarchical classification of the study area made it possible to identify one land region (Temperate

region), 7 land systems, 11 land facets, and 18 land units with their respective land elements (Table 2).
Comparison of land cover types in 1978 and 2008 indicated a trend in land use change (Table 3). Woodlands

increased, as did urban areas, while grasslands decreased. Tree-planted arable lands almost completely
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Table 2. Landscape hierarchical classification of the study area.

LAND SYSTEM OF CALCAREOUS SUBSTRATES
LAND FACET OF THE UPPER MESOTEMPERATE BIOCLIMATIC BELT
Land unit Scutellario columnae-Ostryo carpinifoliae violo reichenbachianae sigmetosum

Land elements
Woodland Scutellario columnae-Ostryetum carpinifoliae violetosum reichenbachianae
Shrubland Spartio juncei-Cytisetum sessilifolii Spartium junceum variant
Grassland Brizo mediae-Brometum erecti brizetosum mediae; Brizo mediae-Brometum erecti cynosuretosum cristati

Land unit Cytiso sessilifolii-Querco pubescentis sigmetum

Land elements
Woodland Cytiso sessilifolii-Quercetum pubescentis
Shrubland Junipero oxycedri-Cotinetum coggygriae Juniperus oxycedrus variant
Grassland Asperulo purpureae-Brometum erecti asperuletosum purpureae; Cephalario leucanthae-Saturejetum

montanae
LAND FACET OF THE LOWER SUPRATEMPERATE BIOCLIMATIC BELT
Land unit Lathyro veneti-Fago sylvaticae lathyro veneti sigmetosum

Land elements
Woodland Lathyro veneti-Fagetum sylvaticae lathyretosum veneti
Shrubland Cytiso sessilifolii-Crataegetum laevigatae Juniperus communis variant
Grassland Brizo mediae-Brometum erecti festucetosum commutatae; Filipendulo vulgaris-Trifolietum montani

Land unit Scutellario columnae-Ostryo carpinifoliae seslerio nitidae sigmetosum

Land elements

Woodland Scutellario columnae-Ostryetum carpinifoliae seslerietosum nitidae

LAND SYSTEM OF MARLS AND CALCAREOUS MARLS
LAND FACET OF THE UPPER MESOTEMPERATE BIOCLIMATIC BELT
Land unit Scutellario columnae-Ostryo carpinifoliae pruno avii sigmetosum
Land elements
Woodland Scutellario columnae-Ostryetum carpinifoliae prunetosum avii
Shrubland Spartio juncei-Cytisetosum sessilifolii ligustretosum vulgaris Spartium junceum variant
Grassland Centaureo bracteate-Brometum erecti
Land unit Peucedano cervariae-Querco pubescentis peucedano cervariae sigmetosum
Land elements
Woodland Peucedano cervariae-Quercetum pubescentis peucedanetosum cervariae
Shrubland Junipero oxycedri-Cotinetum coggygriae Juniperus oxycedrus variant
Grassland Centaureo bracteatae-Brometum erecti; Coronillo minimae-Astragaletum monspessulani

LAND SYSTEM OF ARENACEOUS SUBSTRATES
LAND FACET OF THE LOWER MESOTEMPERATE BIOCLIMATIC BELT
Land unit Lonicero xylostei-Querco cerridis sigmetum
Land elements
Woodland Lonicero xylostei-Quercetum cerridis
Pre-wooded community Acer campestre and Fraxinus ornus community
Grassland Centaureo bracteatae-Brometum erecti
LAND FACET OF THE UPPER MESOTEMPERATE BIOCLIMATIC BELT
Land unit Centaureo montanae-Carpino betuli sigmetum
Land elements
Woodland Centaureo montanae-Carpinetum betuli
Pre-wooded community Melico uniflorae-Populetum tremulae
Grassland Centaureo bracteatae-Brometum erecti
Land unit Serratulo-Querco petraeae sigmetum
Land elements
Woodland Serratulo-Quercetum petraeae

LAND SYSTEM OF PELITIC SANDSTONES
LAND FACET OF THE LOWER MESOTEMPERATE BIOCLIMATIC BELT
Land unit Peucedano cervariae-Querco pubescentis rusco aculeati sigmetosum
Land elements

Woodland Peucedano cervariae-Quercetum pubescentis ruscetosum aculeati
Pre-wooded community Acer campestre and Fraxinus ornus community
Grassland Centaureo bracteatae-Brometum erecti elytrigetosum athericae; Arundinetum plinianae

Land unit Roso sempervirentis-Querco pubescentis lauro nobilis sigmetosum

(Continued)
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Table 2. Continued.
Land elements
Woodland Roso sempervirentis-Quercetum pubescentis lauretosum nobilis
Pre-wooded community Acer campestre and Acer monspessulanum community
Grassland Senecio erucifolii-Inuletum viscosae; Arundinetum plinianae
LAND FACET OF THE UPPER MESOTEMPERATE BIOCLIMATIC BELT
Land unit Scutellario columnae-Ostryo carpinifoliae pruno avii sigmetosum
Land elements
Woodland Scutellario columnae-Ostryetum carpinifoliae prunetosum avii
Shrubland Spartio juncei-Cytisetosum sessilifolii ligustretosum vulgaris Spartium junceum variant
Grassland Centaureo bracteate-Brometum erecti
Land unit Peucedano cervariae-Querco pubescentis peucedano cervariae sigmetosum
Land elements
Woodland Peucedano cervariae-Quercetum pubescentis peucedanetosum cervariae
Pre-wooded community Ulmus minor and Acer campestre community
Grassland Centaureo bracteate-Brometum erecti
LAND SYSTEM OF SANDY-PELITS AND PELITIC-CLAYS
LAND FACET OF THE LOWER MESOTEMPERATE BIOCLIMATIC BELT
Land unit Roso sempervirentis-Querco pubescentis lauro nobilis sigmetosum
Land elements
Woodland Roso sempervirentis-Quercetum pubescentis lauretosum nobilis
Pre-wooded community Acer campestre and Acer monspessulanum community
Grassland Senecio erucifolii-Inuletum viscosae; Arundinetum plinianae
LAND SYSTEM OF ALLUVIAL DEPOSITS OF ANCIENT TERRACES
LAND FACET OF THE LOWER MESOTEMPERATE BIOCLIMATIC BELT
Land unit Lonicero xylostei-Querco cerridis sigmetum
Land elements
Woodland Lonicero xylostei-Quercetum cerridis
Land unit Roso sempervirentis-Querco pubescentis querco pubescentis sigmetosum
Land elements
Woodland Roso sempervirentis-Quercetum pubescentis quercetosum pubescentis
Grassland Senecio erucifolii-Inuletum viscosae
LAND SYSTEM OF PRESENT AND RECENT ALLUVIAL DEPOSITS
LAND FACET OF RIVER COURSES
Land unit Salico albae sigmetum and Salico albae alno glutinosae sigmetosum
Land elements
Woodland Salicetum albae and Salicetum albae alnetosum glutinosae
LAND FACET OF ALLUVIAL PLAINS
Land unit Fraxino oxycarpae-Querco roboris carpino betuli sigmetosum
Land elements
Woodland Fraxino oxycarpae-Quercetum roboris carpinetosum betuli
Pre-wooded community Corylus avellana community
Shrubland Rubus ulmifolius community
Table 3. Transition matrix 1978—2008 (transition values are given in percent).
Land use 1978 Shrubland and pre- Tree-planted Arable Urban
Land use 2008 Woodland = wooded community ~ Grassland Badland = arable land land area
Woodland 85.2 33.9 28.5 54.4 4.6 39 0.6
Shrubland and pre- 7.2 38.4 13.0 16.2 22 1.3 0.0
wooded community
Grassland 0.4 52 16.6 10.3 1.5 2.5 0.0
Badland 0.2 0.9 0.0 14.8 0.0 0.0 0.2
Tree-planted arable 0.1 0.8 1.1 0.0 1.8 0.5 0.0
land
Arable land 5.7 19.8 39.1 3.5 86.5 89.3 1.3
Urban area 1.2 1.0 1.7 0.8 34 2.5 97.9
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Table 4.  Shifts in Index of Landscape Conservation value between 1978 and 2008 for each land unit (average values).

ILC ILC
Land system Land facet Land unit 2008 1978 AILC
Calcareous substrates ~ Upper Mesotemperate Scutellario columnae-Ostryo carpinifoliae 0.85 0.79 0.06
bioclimatic belt violo reichenbachianae sigmetosum
Cytiso sessilifolii-Querco pubescentis 0.86 0.80 0.06
sigmetum
Lower Supratemperate Lathyro veneti-Fago sylvaticae lathyro 0.74 0.54 0.20
bioclimatic belt veneti sigmetosum
Scutellario columnae-Ostryo carpinifoliae 0.68 0.61 0.07
seslerio nitidae sigmetosum
Marls and calcareous ~ Upper Mesotemperate Scutellario columnae-Ostryo carpinifoliae 0.63 0.50 0.13
marls bioclimatic belt pruno avii sigmetosum
Peucedano cervariae-Querco pubescentis 0.69 0.56 0.13
peucedano cervariae sigmetosum
Arenaceous substrates Lower Mesotemperate Lonicero xylostei-Querco cerridis sigmetum 0.46 049 -0.03
bioclimatic belt
Upper Mesotemperate Centaureo montanae-Carpino betuli 0.49 0.37 0.12
bioclimatic belt sigmetum
Serratulo-Querco petraeae sigmetum 0.42 0.33 0.09
Pelitic sandstones Lower Mesotemperate Peucedano cervariae-Querco pubescentis 0.24 0.30  -0.06
bioclimatic belt rusco aculeati sigmetosum
Roso sempervirentis-Querco pubescentis 0.23 0.25 -0.02
lauro nobilis sigmetosum
Upper Mesotemperate Scutellario columnae-Ostryo carpinifoliae 0.28 0.28 0.00
bioclimatic belt pruno avii sigmetosum
Peucedano cervariae-Querco pubescentis 0.21 0.20 0.01
peucedano cervariae sigmetosum
Sandy pelits and Lower Mesotemperate Roso sempervirentis-Querco pubescentis 0.16 022  -0.06
pelitic clays bioclimatic belt lauro nobilis sigmetosum
Alluvial deposits of Lower Mesotemperate Lonicero xylostei-Querco cerridis sigmetum 0.17 0.23  -0.06
ancient terraces bioclimatic belt Roso sempervirentis-Querco pubescentis 0.51 0.52  -0.01
querco pubescentis sigmetosum
Present and recent River courses Salico albae sigmetum and Salico albae alno  0.89 0.80 0.09
alluvial deposits glutinosae sigmetosum
Alluvial plains Fraxino oxycarpae-Querco roboris carpino 0.43 0.41 0.02

betuli sigmetosum

disappeared, and were mostly replaced by arable lands (86.5% variation). Other significant transitions occurred
from grassland to arable land (39.1%) or woodland (28.5%), and from badland or shrubland and pre-wooded com-
munity to woodland (54.4% and 33.9%, respectively). The most stable land use types were urban area (97.9%),
arable land (89.3%), and woodland (85.2%).

The mean AILC in the study area was around zero, so that the overall landscape naturalness remained roughly
unchanged from 1978 to 2008. Nevertheless, the rate of change for land units was not constant. Indeed, our data
reveal a pattern of variation that depends on the type of land unit. In the high hilly and mountain land units, a
general naturalization trend (AILC > 0) was recorded. The opposite trend (AILC < 0) was observed in the allu-
vial plain and low hilly territories. Land units that reduced their naturalness were the most common in the study
area (63% of the whole surface) and were particularly linked to alluvial deposits, pelitic-arenaceous, sandy-pelitic,
and pelitic-clayey substrates.

The landscape naturalness distribution pattern shifted from a homogeneously distributed low naturalness
throughout the study area to a clear separation between an area with a low level of naturalness, in low hills and
alluvial plains, and a highly natural one, located in the high-hilly and mountainous territories. Table 4 shows
the AILC for each land unit.

4. Conclusion

The research outputs demonstrated the usefulness of the hierarchical approach to landscape classification and
mapping, for evaluating landscape conservation and identifying spatio-temporal patterns of naturalness
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changes. This approach yielded a set of information that mere calculation of indexes or transformation matrices
fails to provide. Indeed, taking into consideration the AILC value calculated for the whole study area (around
zero), one would conclude that no significant naturalness variation occurred in the last 30 years. This could
lead to misleading conclusions for ecosystem properties assessment, land planning and landscape conservation
decision-making. The calculation of AILC for each land unit, instead, made it possible to identify different
trends depending on the type of land unit and, hence, to visualize patterns of landscape transformation. This
kind of analysis could be very valuable for interpreting landscape evolution, also in terms of relationships with
socio-economic changes, and, thus, for hypothesizing future scenarios of land use transformation, useful for
driving environmental policies and ecosystem management plans.

Software

All the data, including that collected during the fieldwork, was imported, managed, and processed using ESRI
ArcGis 9.1 (with 3D Analyst and Spatial Analyst extensions). We compiled a georeferenced database, based on
vector objects, organized in shapefiles.
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